Novel nuclear shuttle proteins, HDBP1 and HDBP2, bind to neuronal cell-specific cis-regulatory element in the promoter for the human Huntington's disease gene.
Huntington's disease (HD) is a neurodegenerative disease caused by a CAG repeat expansion in exon 1 of the HD gene, and the expression level of either normal or mutant huntingtin is implicated in the pathogenesis of HD. However, a molecular base of the HD gene transcription has not been elucidated as yet. In this study, we identified two proteins, HDBP1 and HDBP2, which bind to the promoter region for the HD gene using a yeast one-hybrid system. Amino acid sequence analysis of the proteins deduced the presence of nuclear localization signal, nuclear export signal, zinc finger, serine/proline-rich region, and highly conserved C-terminal region. In vitro DNA binding assay indicated that the C-terminal conserved regions of the proteins were responsible for binding to the unique promoter DNA sequences of the HD gene. The DNA sequence protected from DNase I digestion was a 7-bp consensus sequence (GCCGGCG), which resides in triplicate at intervals of 13 bp within and proximal to the 20-bp direct repeat sequences of the HD promoter region. The mutation of 7-bp consensus sequence abolishes the HD promoter function in a neuronal cell line (IMR32). In human cultured cells, ectopically expressed green fluorescent protein-fused HDBP1 and HDBP2 localized in the cytoplasm, but both proteins totally shift from cytoplasm to nucleus by the treatment with an inhibitor of the nuclear export, leptomycin B, and mutagenesis of the putative nuclear export signals. Taken together, HDBP1 and HDBP2 are novel transcription factors shuttling between nucleus and cytoplasm and bind to the specific GCCGGCG, which is an essential cis-element for HD gene expression in neuronal cells.